Background: Native low-density lipoprotein (nLDL) was one of the modifiable risk factors contributed directly to cardiovascular diseases development. We investigated that nLDL stimulation induced NADPH oxidase activation and superoxide production that was an important factor on human aortic smooth muscle cells (hAoSMC) proliferation.
INTRODUCTION
Elevated plasma level of native low-density lipoproteins (nLDL) contributes to numerous vascular diseases including hypercholesterolemia, atherosclerosis, hypertension, heart failure, and diabetes that is closely linked to vascular proliferation [1] [2] [3] and oxidative stress [4] . Vascular smooth muscle cell (VSMC) proliferation is particularly important to the pathophysiological conditions of in-stent restenosis, transplant vasculopathy, and vein bypass graft failure that are associated with inflammation, apoptosis, and matrix alternation through endothelial dysfunction and VSMC activation [5] .
Reactive oxygen species (ROS) produced from all vascular cell types have been considered deleterious to cell function and suggested that play a role in the pathophysiology of cardiovascular system [6] [7] [8] . Besides their deleterious effect, ROS are also being recognized as important regulators of cell function and modulators of cell signaling pathway. In VSMC, ROS generation affords an important regulatory system to growth and hypertrophy through extracellular signal regulated kinase (Erk) 1/2 activation [9] . Atherosclerosis is associated with chronic oxidative stress [10] as well as increased activity, abundance expression, and localization of Erk 1/2 [11] .
Previous studies have shown that nLDL-mediated VSMC proliferation is multiple lines of signaling pathway such as phosphoinositide-dependent protein kinase C (PKC) activation and proto-oncogen induction [12] , intracellular calcium and pH changes [13] , pertussis-toxin sensitive Erk1/2 MAPK activation and intracellular calcium increases [14] , protein kinase C (PKC)-zeta activation [15] , redox-sensitive Erk1/2 activation [9] , up-regulation of cyclin D1/cyclin-dependent kinase (CDK)2 and cyclinE/CDK4 complexes and down-regulation of p21 (Cip21) [16] . However, the enzymatic source of oxygen-free radical production in nLDL-stimulated human aortic smooth muscle cells (hAoSMC) and its activation mechanisms are unknown although it is demonstrated that oxidative stress is associated to proliferation in nLDL-stimulated VSMC.
Therefore, we investigated whether the production of superoxide was elevated by nLDL stimulation and whether superoxide from nLDL stimulation involved in hAoSMC proliferation. Isolation of nLDL and cell culture nLDL isolation from normocholesterolemic plasma by ultracentrifugation [17] and the maintenance of hAoSMC (Cascade biologics, Salem, OR, USA) were followed previously described method [17] .
MATERIALS AND METHODS

Materials
Intracellular superoxide measurement
The serum-starved cells in phenol-red free DMEM (Invitrogen, San Diego, CA, USA) were labeled with DHE (10 μg/ml) for 
Northern blot analysis
Northern blot analysis follows previously described method [18] . Probes prepared by gel-extraction of PCR products were 
Transient transfection
The oligonuclotide of p22phox antisense (Bioneer Co. Daejeon, Korea), sense and scrambled were used to transfection using 
Statistical analysis
Values were presented as mean ± standard deviation (SD).
Statistical significant was assessed by unpaired student's t-test (GraphPad Prism 4.02). A P value of ＜0.05 was used as the criterion for statistical significance.
RESULTS nLDL increased superoxide generation in hAoSMC
We first wished to determine the effect of nLDL on superoxide production in cultured hAoSMC. nLDL (100 μg/ml) stimulation increased in DHE fluorescence and preincubation of polyethylene glycol-superoxide dimutase (PEG-SOD, 500 U/ml) abolished nLDL-induced DHE fluorescence (Fig. 1A) . In addition, nLDL induced a time-dependent increase lucigenin chemiluminescence at 4 minutes (Fig. 1B) 
Superoxide scavengers abolished nLDL-induced cell proliferation
Given recent data suggesting that superoxide promote VSMC proliferation, we tested whether a superoxide was associated with nLDL induction in hAoSMC proliferation. As demon- 
nLDL-dependent superoxide producing enzyme
Because several enzymatic reactions had been demonstrated to produce superoxide anion, we wished to determine which enzyme was responsible for the production in hAoSMC.
Superoxide production investigated with nLDL-stimulated or unstimulated hAoSMC in response to a variety of substrates.
NADPH was greater substrate to produce superoxide than other substrate in both nLDL-stimulated (4,040 ± 158 a.u./min/mg protein) and unstimulated (2,284 ± 97 a.u./min/mg protein) hAoSMC homogenates (Fig. 3A) . In the homogenates, superoxide production in response to nLDL (4,040 ± 158 a.u./min/mg protein) was 2.27-fold higher than substrate-untreated control cells (1,775 ± 83 a.u./min/mg protein). Furthermore, we investigated subcellular localization of superoxide producing enzyme by separating the homogenates into cytosolic and membrane fractions. As demonstrated in Fig. 3B , NADPH-dependent superoxide producing enzyme was predominantly localized at precipitated fraction, and NADPH-driven superoxide production in precipitate fraction was higher in the stimulated (3,227 ± 72 a.u./min/mg protein) than in the unstimulated (2,619 ± 112 a.u./min/mg protein) precipitate fraction.
nLDL increased mRNA level of p22phox and gp91phox and p22phox antisense inhibited nLDL-induced proliferation in hAoSMC
We wished to determine whether nLDL changes in p22phox and gp91phox (NOX-2) expression levels in nLDL-stimualted hAoSMC. Therefore, we analyzed mRNA levels by northern blot analysis with specific probe to p22phox or gp91phox mRNA. nLDL stimulation quickly increased mRNA level of p22phox and gp91phox in hAoSMC after 30 minutes (Fig. 4A) suggested that increased NADPH oxidase mediate superoxide generation in early stage of atherosclerosis. In order to determine whether inhibition of expression with antisense against p22phox regulates nLDL-induced proliferation, anti-sense oligonucleotide was transiently transfected and measured the effect of proliferation in nLDL-stimulated hAoSMC. As shown in [18] , apoptosis [19] , and eventual plaque rupture [20] was a critical step in atherogenesis. nLDL causes to endothelial dysfunction by increasing the adhesiveness with respect to leukocytes or platelet, as well as its permeability and uptakes [21] and inducing interleukin-8 and monocyte chemotactic protein secretion [22] , althougth the mechanism is not clear, into the subendothelial space and subsequent modified in response to reactive oxygen species (superoxide and hydrogen peroxide) to oxidized LDL revealed to induce proinflammatory cytokines, vascular cell proliferation, and apoptosis [23] . With together, nLDL also induces vaso-constriction [13] , impairment of endothelium-dependent relaxation [24] , upregulation of endothelin receptor [25] and VSMC proliferation [12, 26] . Increased nLDL-induced VSMC proliferation is the prime feature of atherosclerosis [5] and vascular oxidative stress also contributed to development of the pathogenesis [27] . Our previous study indicates that nLDL induces a chemokine, interleukin-8, production via p38 MAPK, H2O2, and transcription factor AP-1 [17] . Our present observation in the smooth muscle cells supports again a pathophysiological importance of reactive oxygen species because nLDL enhances interleukin-8 production and increases superoxide generation.
Among various sources for ROS production, such as NAD(P)H oxidase, cyclooxygenase, xanthine oxidase, nitric oxide synthase, and mitochondrial electron transport, NAD(P)H oxidase had been considered to be a major source of superoxide generation in both endothelial and smooth muscle cells [28] . Several stimulants increased ROS generation via NADPH oxidase activation, which is one of the major target molecules regulating redox balance in vascular system. Also, increased NADH oxidase-mediated superoxide production directly contributes to atherogenesis in the nLDL-receptor defeat rabbit model [29] . In this line, the preferred substrate (NADH or NADPH) for NAD(P)H oxidase is still need to be investigated under different physiological conditions because analysis with electron spin resonance spectroscopy indicates that NADH or NADPH are equally good substrates in VSMC but that NADH-driven superoxide production predominates in endothelial cells.
A representative activation mechanism of NADPH oxidase established that cytosolic components of the enzyme, p47phox and p67phox, was activated by multiple phosphorylation and translocated to membrane fraction for assembling with p22phox and mitogenic oxidase (mox) components. In particular, p22phox forming the complex with mox is integral for the oxidase activation to produce superoxide anion. Therefore, nLDL-induced upregulation of p22phox can promote superoxide production in hyperlipidemic condition. Given that there is a possibility that Erk1/2 MAPK and PKC activation in nLDL-treated VSMC is closely related to proliferation and its inhibition abolish the cell growth [30] , although we do not understand the detail activation mechanism of NADPH oxidase in nLDL-stimulated hAoSMC, these kinases may involve in phosphorylated activation of the cytosolic components.
It is worthwhile to note that nLDL at 100 μg apoB/ml, which is a border line of normocholesterolemia (less than 100 μg apoB/ml) and hypercholesterolemia (more than 160 μg apoB/ml), induces a significant increases in superoxide anion production.
This result indicate that increasing amount of nLDL in blood plasma could locally initiate activation of NADPH oxidase to generate of superoxide anion that directly increasing the modification of nLDL to OxLDL, a pivotal molecule in initiating and propagating the atherosclerotic process.
In conclusion, nLDL-induced proliferation in hAoSMC depends on superoxide production through NADPH oxidase activation. 
